Two iron-based platinum group metal-free catalysts for the oxygen reduction reaction (ORR) were synthesized from novel and low cost organic precursors named niclosamide and ricobendazole. These catalysts have been characterized, incorporated in a gas diffusional electrode and tested in ''clean'' conditions as well as in operating microbial fuel cell (MFC) for 32 days. Both catalysts demonstrated unprecedented performance yielding a power density 25% higher than that of platinum (Pt) and roughly 100% higher than activated carbon (AC) used as a control. Durability tests were performed and showed that Pt-based cathodes lost their activity within the first week of operation, reaching the level of the supporting AC-based electrode. Fe-ricobendazole, however, demonstrated the highest performance during the longterm study with a power density of 195 AE 7 mW cm À2 (day 2) that slightly decreased to 186 AE 9 mW cm À2 at day 29. Fe-niclosamide also outperformed Pt and AC but the power density roughly decreased with 20% for the 32 days of the study. Accelerated poisoning test using S 2À as pollutant showed high losses in activity for Pt. Fe-niclosamide suffered higher losses compared to Fe-ricobendazole. Importantly, Fe-ricobendazole represents a 55-fold cost reduction compared to platinum.
Iron based catalysts from novel low-cost organic precursors for enhanced oxygen reduction reaction in neutral media microbial fuel cells † Two iron-based platinum group metal-free catalysts for the oxygen reduction reaction (ORR) were synthesized from novel and low cost organic precursors named niclosamide and ricobendazole. These catalysts have been characterized, incorporated in a gas diffusional electrode and tested in ''clean'' conditions as well as in operating microbial fuel cell (MFC) for 32 days. Both catalysts demonstrated unprecedented performance yielding a power density 25% higher than that of platinum (Pt) and roughly 100% higher than activated carbon (AC) used as a control. Durability tests were performed and showed that
Pt-based cathodes lost their activity within the first week of operation, reaching the level of the supporting AC-based electrode. Fe-ricobendazole, however, demonstrated the highest performance during the longterm study with a power density of 195 AE 7 mW cm À2 (day 2) that slightly decreased to 186 AE 9 mW cm À2 at day 29. Fe-niclosamide also outperformed Pt and AC but the power density roughly decreased with 20% for the 32 days of the study. Accelerated poisoning test using S 2À as pollutant showed high losses in activity for Pt. Fe-niclosamide suffered higher losses compared to Fe-ricobendazole. Importantly, Fe-ricobendazole represents a 55-fold cost reduction compared to platinum.
Broader context

Introduction
Bioelectrochemical systems have captured the attention of scientists in the past decade due to the possibility of transforming organic waste into electricity through biological, biochemical, and electrochemical reactions. In particular, microbial fuel cells (MFCs) utilize electroactive bacteria capable of degrading organic compounds and releasing electrons on the conductive anode electrode directly or through mediators or nanowires.
bilirubin oxidase have shown the lowest activation overpotentials at pH = 7, 3,4 but the elevated cost and low endurance makes these enzymes unsuitable for MFC applications. Carbonaceous or metal-based catalysts have thus far been the most widely utilized catalysts for ORR in MFCs. 5, 6 The carbonaceous catalysts display interesting properties that make them well suited for MFC applications. The most important characteristic of these catalysts for enhancing ORR is undoubtedly their high surface area. Additionally, carbonaceous materials possess levels of mechanical strength, electrical conductivity, stability, low cost and durability in polluted environments all of which are advantageous for utilization in MFCs. Activated carbon (AC), 7, 8 carbon nanotubes, 9 carbon nanofibers, 10 and others 11 have previously been reported as MFC cathode materials. Despite all these positive features, the activation overpotential of such catalysts remains high. These losses must be overcome to enhance MFC performance. Metalbased catalysts represent another avenue of exploration followed by the MFC field. Platinum (Pt) catalysts were initially used at the cathode of MFCs, but the extremely high cost 12 compared to the electricity produced, and the presence of contaminants in wastewater that easily deactivate Pt active sites 10, 13, 14 have steered efforts in the field toward the utilization of cheaper and more durable catalysts. 5, 6 The best catalyst substitutes have revealed themselves to be the so-called non-platinum group metal (non-PGM) M-N-C systems, where M is a transitional metal such as iron (Fe), manganese (Mn), cobalt (Co) or nickel (Ni) and N and C are nitrogen and carbon respectively. These transition metals are abundant, inexpensive and suitable for MFC applications. 5, 6 Several successful applications of the above materials as cathode catalysts in MFCs have been previously demonstrated. [15] [16] [17] [18] [19] [20] [21] [22] [23] In our previous studies, we demonstrated the high performances of iron-aminoantipyrine (Fe-AAPyr) in double chamber MFCs, 24 in ceramic separator MFC, 25 and in single chamber MFCs. 26 In this manuscript, we have synthesized two new catalysts based on iron and novel low cost organic precursors using the previously presented sacrificial support method (SSM). 27, 28 These novel catalysts have been integrated into an air breathing gas diffusion electrode and studied in ''clean'' conditions and integrated in working MFCs. Electrocatalytic activities were compared those of AC and Pt catalysts in an airbreathing MFC gas diffusion electrode, which were both used as controls. Additionally, durability studies were conducted, in which MFCs were run continuously for 32 days with periodic evaluation of the cathode performances.
Materials
The specifics of the SSM dictate that the precursors used for the synthesis should contain high amounts of carbon and nitrogen atoms. Full details on the selection can be found in our previous works. 27, 28 The structural formula of selected novel organic molecules is shown in Fig. 1a The cathodes were prepared by pressing a pellet based on activated carbon (AC, Norit SX Ultra, Sigma Aldrich), carbon black (CB, Alfa Aesar), PTFE (60 wt% solution, Sigma Aldrich) and our novel Fe-N-C catalysts. AC, CB, and PTFE were in weight percentages of 70%, 10% and 20% as reported previously. 29 A mixture with 40 AE 2 mg cm À2 of the above materials was inserted into a metallic pellet die and compacted under a mechanical press at 3 mT for 5 minutes. The obtained cathode based on activated carbon (named as AC) was used as a control. In the case of catalyst utilization, the respective material was added to the above mixture, mixed vigorously and then pressed as previously described. The cathodes obtained had a loading of 2 AE 0.1 mg cm À2 Fe-N-C.
Platinum on carbon (Pt/C, 50 wt% Alpha Aesar) was also mixed with AC + CB + PTFE to make additional cathodes (named as Pt) The anode was chosen to be much larger than the cathode in order to make the cathode, which is actually the electrode of interest, the limiting factor of the MFC. In fact, the projected surface area of the anode was more than 3 times higher than the geometric area of the cathode (2.8 cm 2 ). The anodes were previously colonized and running for 6 months (using acetate as a carbon source) prior to introducing the new cathodes. Consequently the anode was colonized by well-formed electroactive biofilm.
Method
The set-up used as an electrochemical cell and the three-electrodes configuration utilized for the electrochemical measurement have been reported previously. . In this case, the anode was made to be the working electrode (WE), the cathode to be the counter electrode (CE), and Ag/AgCl (3 M KCl) was the reference electrode (RE). While running the overall polarization curves, profiles of the anode and cathode electrodes were recorded against a reference electrode. Durability tests were performed separately in MFCs for 32 days. These tests were started with new electrodes, which were connected to an external resistance (100 O) and the voltage collected through a data log system (Personal DAQ/56) every 20 minutes. The electrolyte was fully replaced every time the MFC voltage dropped below 50 mV indicating that the acetate was depleted. After a day of each solution replacement, at day 2, 10, 20 and 29, the MFCs were disconnected for at least 3 hours and polarization curves were measured between open circuit voltage (OCV) and 0 mV (scan rate of 0.2 mV s À1 ). Also in this case, the anode and cathode polarizations were run separately in order to understand the influence of each separate electrode. Current densities and power densities (P = V Â I) were expressed as functions of the geometric area of the cathode. Abiotic LSVs were run in independent triplicates as well as were the initial (uninoculated) MFC baseline operation. Independent triplicates were run for the durability tests (32 days). The experiments were conducted in Albuquerque (NM, USA), which is located at 1600 meters above sea level with an atmospheric pressure roughly 20% lower than at the sea level, which resulted in a lower partial pressure of oxygen. Accelerated poisoning tests were conducted via chronoamperometry in a three electrodes configuration using Ti-wire as counter electrode, the cathode as the working electrode and Ag/AgCl (3 M KCl) as the reference electrode. Cathode potential was kept constant at À0.1 V (vs. 3 M Ag/AgCl). The solution was based on 0.1 M potassium phosphate buffer and 0.1 M KCl (K-PBS). After 1 hour of stable current production, 0.5 mM, 1 mM, 2 mM, 3 mM, 4 mM and 5 mM of Na 2 S were added in the solution every 30 minutes. The current was then normalized and current losses (mA) over time as a function of S 2À concentration were plotted.
The bulk and individual particle morphology of the synthesized catalysts were characterized using scanning electron microscopy (SEM). XPS measurements were performed on powders, as well as fresh and tested electrodes using a Kratos Axis Ultra DLD X-ray photoelectron spectrometer using a monochromatic Al Ka source operating at 225 W. Survey and high-resolution spectra were acquired at pass energies of 80 and 20 eV, respectively. Three areas per sample were analysed. No charge compensation was necessary. Data analysis and quantification were performed using the CASAXPS software. A linear background was used for C 1s, F 1s, N 1s, S 2p and O 1s spectra. Quantification utilized sensitivity factors that were provided by the manufacturer. A 70% Gaussian/30% Lorentzian [GL (30) ] line shape was used for the curve fits.
Results and discussion
Morphology and surface chemistry of the novel catalysts Morphology of Fe-ricobendazole ( Fig. 1c and d) and Fe-niclosamide (not shown) were found to be similar with previously synthesized SSM materials. 27, 28 XPS analysis detected about 3% of atomic nitrogenwith a distribution of different types of nitrogen species typical for M-N-Cs obtained by SSM. 27, 28 Pyridinic nitrogen and nitrogen coordinated to metal, which have been shown to be important species for ORR 27, 28 were detected in significant amounts as shown in Fig. 1e and f. Importantly, the Fe-riconbendazole catalyst displayed a larger pyridinic to pyrrolic ratio than Fe-niclosamide which is an important metric of ORR activity in acidic media 30 as well as in neutral media. 21 
Initial electrochemical performance
Initial electrochemical performance measurements were done before connecting the MFCs to the external resistance. 
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For simplicity the results from these measurements will be named day 0. Despite the fact that cathodic OCPs of approximately 300 mV vs. Ag/AgCl are among the highest reported for MFCs, the theoretical value for the ORR at pH 7.5 is approximately 586 mV (vs. Ag/AgCl), indicating that the overpotential still remains considerably high. Cathode polarization curves conducted in ''clean'' abiotic conditions are shown in Fig. 2a .
Our measurements show that Fe-ricobendazole and Fe-niclosamide display higher catalytic activity than Pt despite identical loadings investigated and with the added benefit of a much lower cost.
The differences between the data obtained from two Fe-based cathodes were negligible indicating excellent reproducibility within three replicates. In general, at day 0, the MFCs had a similar OCV around 719 AE 18 mV, with the exception of the MFCs equipped with AC-based cathodes, which exhibited slightly lower OCV (661 AE 9 mV) (Fig. 2b) . Power curves confirmed the previously identified trend of the cathode polarization curves in clean conditions (Fig. 2a) .
À2
) and AC (108 AE 6 mW cm À2 ) (Fig. 2c) . It should be noted that the difference in power generation was due only to cathode performances since the anodes performed nearly identically (Fig. 2d) .
Long-term operation
Durability test were carried out for 32 days to track the stability of the cathodes over time under operational conditions. The durability tests were performed utilizing MFCs with pre-colonized anodes and an electrolyte consisting of a mixture of K-PBS (0.1 M) and activated sludge with sodium acetate (2 g L
À1
) as a carbon source. The electrolyte composition was designed to simulate a real wastewater with ''harsh'' and polluted conditions. The latter contains a large amount of bacteria, various pollutants and organic compounds. Bacteria and pollutants are well known to decrease the cathode performance. 31 Bacteria can quickly colonize the cathode surface and dramatically hinder the proton mass transfer from the electrolyte to the catalyst. 32 In addition the pollutants present in wastewater (e.g. sulfur) can permanently bind to the catalyst surface (e.g. platinum) deactivating the catalyst centers. 33 Each MFC type was tested in triplicate. The utilization of pre-colonized anodes, allowed immediate MFC operation instead of the 2-3 weeks start up time necessary for electroactive biofilm formation and establishment. The voltage generated by the MFCs with the different cathode catalysts (Fig. 3) showed a slight initial decrease most likely due to a combination of several factors: (i) initial adaptation of the cathode to the solution and progressive loss of hydrophobicity;
(ii) consumption of oxygen adsorbed on the substrate surface; (iii) adsorption and binding of ions on the catalytic sites; (iv) initial precipitation of compounds on the cathode surface; and (v) bacteria colonization of the cathode.
As it can be seen in Fig. 3 , Fe-ricobendazole had the highest recorded voltage within the four weeks of operation. The initial voltage was 212 AE 13 mV (first day) and stabilized to a slightly lower value of 201 AE 12 mV during the second week and 183 AE 16 mV for the remainder of the study. The decrease of the voltage during the 32 days of operation was within 15%. Fe-niclosamide had the second highest voltage recorded. The initial voltage for Fe-niclosamide was 205 AE 7 mV (first day) and dropped more significantly compared to Fe-ricobendazole (180 AE 5 mV second cycle) and stabilized during the additional cycles to 163 AE 11 mV. The decrease of the Fe-niclosamide 
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voltage during the 32 days of operation was roughly 20%. Initially, Pt had higher voltage output (170 AE 8 mV, first day) compared to AC (152 AE 11 mV, first day), however, after several days, Pt and AC displayed similar voltage output during the remainder of the experiment, which stabilized at 135 AE 15 mV. The decreased performance of Pt was likely due to the deactivation of its active centers caused by anion poisoning. Once Pt lost its activity, the voltage trend followed that of the AC-based MFC because AC was used as the support material for the Pt-cathode as well. The relatively stable voltage trend for the AC-based cathode is in agreement with previously reported data in which AC showed a 25% decrease in activity during 1 year of operation. 31 On the other hand, the results in our study are in disagreement with previous findings that report AC catalysts performing better than Pt during long-term experiments. However, it has been reported that the Pt catalyst decreased in activity significantly and yielded less than half of the AC activity after 3.5 months experiments. 34 This disagreement can be attributed to the fact that the Pt cathode in the Zhang's study was built in combination with carbon black (CB), not AC, and once Pt was poisoned, only the CB substrate was acting as catalyst for ORR. The supremacy of AC compared to CB and ORR in neutral media has been shown previously. 35 
Power trend during long-term operation
Polarization curves of the different MFCs were carried out periodically to monitor the maximum power trend during the course of the experiment. The maximum power generated by the MFCs strictly followed the voltage trend, as shown in Fig. 4 . Power and polarization curves of the MFCs at day 2, 10, 20 and 29 are reported separately in the ESI † (Fig. S1 ). Fe-ricobendazole had the highest recorded maximum power (195 AE 7 mW cm
À2
) after day two, followed by Fe-niclosamide (184 AE 8 mW cm
). Fe-based MFCs had higher performance than Pt (145 AE 3 mW cm
) and AC (120 AE 1 mW cm
) during the first cycle. Fe-ricobendazole decreased by 6.5% at day 10 (183 AE 7 mW cm À2 ) but the power output stabilized by day 20 (182 AE 11 mW cm À2 ) and day 29
(186 AE 9 mW cm À2 ). Fe-ricobendazole was shown to be the most efficient catalyst losing no more than 10% of its power density during the 32 days of operation. The power density of Fe-niclosamide decreased by 11% at day 10 (167 AE 6 mW cm
) and continuously decreased to 159 AE 9 mW cm À2 at day 20
and 156 AE 7 mW cm À2 at day 29. The overall power density of Fe-niclosamide decreased by 18% during the course of the investigation. During the first cycle, Pt outperformed AC but Pt lost its activity over time (especially after the first cycle) and Pt and AC had comparable performances after just a few days of operation (Fig. 4 ). Pt and AC had power densities of 121 AE 13 mW cm À2 and 114 AE 11 mW cm
, respectively. The decrease in the Pt-based MFC output was 23%.
Accelerated poisoning tests
Different pollutants are naturally and commonly present in wastewater or activated sludge. Several of these mainly based on sulphur, are well known to attack the platinum catalytic active centers and significantly diminishing their activity in a relatively short amount of time. 33 It is known from the literature that S 2À poisons Pt and it is the main reason for Pt degradation in MFC systems. In this work, accelerated poisoning tests of Fe-ricobendazole, Fe-niclosamide and AC catalyst were performed and compared to Pt (Fig. S2, ESI †) . Current losses expressed as a function of the concentration of S 2À are presented in Fig. 5 . It must be noted that AC and Fe-ricobendazole have a current density loss of roughly 100 mA cm À2 at 5 mM S 2À concentration. Higher current losses were detected for Fe-niclosamide with losses of 160 mA cm À2 at 5 mM S 2À concentration. As expected, the current losses of Pt were the most pronounced among the samples investigated. Pt showed a loss of current density of 400 mA cm À2 at 5 mM S 2À concentration, which was 4 times more current loss than AC and Fe-ricobendazole and 2.5 times more current loss than Fe-niclosamide. These results support the measurements obtained from the durability tests (Fig. 3) in which Pt lost its activity in a very short amount of time and Fe-niclosamide had lower performances compared to Fe-ricobendazole, which is likely due to the low tolerance for S 2À . XPS was performed on Table 1 . The initial composition of M-N-C-containing electrodes had high amounts of fluorine from PTFE and carbon from the catalyst, AC, CB and PTFE. PTFE showed significant oxidation possibly due to interaction with the other constituents of the mixture. In the high resolution F 1s spectra of the electrodes, a peak at 698.5 eV was observed due to the main PTFE CF 2 chain. A peak at 692.5 eV was also observed, which was due to the oxidized CF 2 chains that were present. In the C 1s spectrum, graphitic carbon peaks (at 284.4 eV) and aliphatic carbon peaks (at 285 eV) were detected in significant amounts along with surface oxides (peaks between 286 and 288 eV). PTFE contributes to a higher binding energy range with peaks due to the main chain around 290 eV and peaks due to oxidized PTFE between 291 eV and 295 eV.
Nitrogen is naturally present from the M-N-C electrocatalysts themselves as a result of the precursors. Smaller than expected atomic % N was detected in the uninoculated electrodes, which can be explained by the segregation of PTFE to the top surface.
Both M-N-C electrodes have similar initial speciation of nitrogen compounds, as shown in Fig. 1 . The XPS analysis of tested electrodes was also performed after the accelerated poisoning test, and a significant change in composition can be noticed. This is likely due to the loss of PTFE and the rearrangement of the catalyst and PTFE within the top 8-10 nm of the analysis sampling depth. The decrease in F detected after the test indicates a partial loss of PTFE. The loss is significantly larger for Fe-niclosamide compared to Fe-ricobendazole. In the case of Fe-niclosamide, a decrease of both the main chain of PTFE and oxidized PTFE is observed to a large extent, while most of the main chains of PTFE stay intact, while the oxidized part of PTFE decreases significantly in Fe-ricobendazole. Carbon speciation after testing confirms the higher amount of PTFE preserved in the Fe-ricobendazole-based catalyst. Electrodes tested after exposure to S 2À exhibit larger atomic % of nitrogen at amounts usually present in M-N-C based electrocatalysts, due to better mixing of the PTFE and the partial loss of its oxidized portions. After the accelerated poisoning test, smaller amounts of graphitic and pyrrolic types of nitrogen are observed, and higher amounts of pyridinic and nitrogen coordinated to Fe are detected. This final structure of the catalyst is characteristic for a material with the optimal composition with high amounts of active centers such as pyridinic and N x -Fe nitrogen moieties. After the poisoning test, 0.16% of S was detected in Fe-niclosamide, while only 0.05% was detected in Fe-ricobendazole. Larger amounts of S along with the more significant loss of oxidized PTFE for the Fe-niclosamide compared to Fe-ricobendazole, explains the higher stability of the Fe-ricobendazole-based material.
Comparison with existing literature
The results obtained in this work are among the highest ever shown in the literature during 32 days of operate using Fe-N-C catalysts. Previous reports have demonstrated 270 mW cm À2 using carbonate buffer solution, Pt catalyst, in a 26 mL volume MFC. 36 In this case, no durability tests were reported. 29 To the best of our knowledge, there are few reports of non-PGM catalysts mixed with AC in air-breathing gas diffusion electrode configurations. In the few that exist, Fe, Co and Mn were used 
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as the non precious metal (M) in the M-C-N catalyst. Particularly, concerning Fe-based catalysts, Fe-EDTA was used as a catalyst mixed with AC and pressed on a stainless steel current collector. 22 Results achieved showed a power density of 158 mW cm
À2
, which was 10% higher relative to the plain AC control. 22 In another case, Fe 3 O 4 was incorporated with AC into an air-breathing cathode which produced a maximum power density of 143 mW cm
. Few others manuscripts illustrate the utility of Co-based catalysts incorporated within an AC matrix for enhancing ORR compared to plain AC alone. 37 The . 40 The majority of the works report on initial cathode performances, in relatively ''clean'' conditions and not in long-term experiments.
Only a few studies address the durability of cathodes for periods of time longer than 30 days. However, long-term experiments have been conducted on AC for a period of 12 months. 31 The results of these experiments showed that AC cathodes had relatively high and mostly stable performance with a loss in power density of roughly 25% in 12 months due to biofouling. In another study, the same research group, tested plain AC, AC mixed with carbon black (CB), heat treated AC and AC mixed with Fe-EDTA. 34 The authors found a decrease of 10-16% in the performance during the first month of operation which is in agreement with the current data presented despite the fact that the authors utilized a simple phosphate buffer solution with no addition of bacteria or calcium/magnesium that could precipitate on the cathode. Moreover, after 5.5 months, all the materials lost roughly 30% of their initial performance. This was attributed to the biofilm growth and biofouling of the cathode. In a previous study using micro-tomography, it was shown that the main contribution of cathode losses was carbonate precipitation. 32 At the end of the experiments (after 32 days), the MFC systems were disassembled and photographs were taken of the hydrated and fully dried cathodes (Fig. S3, ESI †) . The images suggest that a thick biofilm had developed on the cathodes and fouled the surfaces (Fig. S3 , ESI †).
Outlook
In this study, we showed that cathodes containing Fe-ricobenzadole, and Fe-niclosamide containing cathodes outperformed those containing Pt and AC-based cathodes during initial evaluation in clean conditions and in MFC operation in bottle reactors. The highest power generation reported is 270 mW m À2 using carbonate buffer solution and a Pt catalyst, in a 26 mL volume MFC of a different design. 36 To the best of our knowledge, the results presented here reflect the highest power density ever reported for single bottle MFCs with a volume larger than 0.1 L with phosphate buffer and activated sludge solution and acetate as the fuel source. The initial power densities achieved in this study were 20-30% higher than the previously reported performance of Fe-AAPyr catalysts 26 evaluate in the same bottle systems, indicating that the utilization of novel organic precursors is one way to further improve the operation of Pt-free catalysts for MFC applications. In this work, we confirm that Pt quickly lost its catalytic activity due to the presence of pollutants in the solution in a very short amount of operational time; however, Fe-ricobendazole and Fe-niclosamide showed high stability along the 32 days operations. Additionally, accelerated poisoning tests confirm that Fe-ricobendazole is more tolerant to S 2À compared to Fe-niclosamide. In our previous studies, we have determined that the cost of the Fe-N-C catalyst is around 3.3-3.5 US$ g À1 , which is E46 times cheaper than Pt (E150 US$ g À1 ). [24] [25] [26] This means that the cost of Fe-based catalysts is roughly 31-33 US$ per W produced, leading to an approximately 55-fold cost reduction compared to Pt (1770 US$ per W). Because of its high cost and low durability Pt is not a promising catalyst for MFC applications. Fe-N-C cathodes, on the other hand, outperform Pt and showed almost double the performance of AC-based cathodes, while at the same time providing a significant reduction in cost.
Conclusion
Iron-based catalysts for ORR have been synthesized using novel low cost novel organic precursors (ricobendazole and niclosamide). Cathodes based of these materials have been investigated in neutral media and in operating MFCs. The electrocatalytic activity of Fe-ricobendazole, and Fe-niclosamide was found to be substantially higher than that of Pt during cathode polarization tests and generate more power in working MFCs. The overall performances for the Fe-ricobendazole, and Fe-niclosamide based MFCs were 20-25% higher than Pt and roughly 100% higher than AC. The power density decreased only slightly for Fe-ricobendazole and Fe-niclosamide and AC during when exposed to high concentrations of sulphur. Pt lost its activity after 1 week of operation. The higher performance and durability of Fe-ricobendazole and Fe-niclosamide make these novel low cost catalysts suitable for large-scale MFC cathodes. In the future, additional improvements to the performance and durability of MFC cathodes could be achieved by utilizing other novel organic precursors.
